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Introduction
Competing in a global economy brings considerable challenge for any government to sustain its edge relative to other economies. To ensure sustainable growth. one of the strategies identified by government was to maintain a highly skilled workforce.
With the growing demand for skilled workers, wages and salaries have been used as an indicator of one' s competitive edge over others. To ensure its competiti ve position in national and international markets. employers must sustain producti vity by improving opportun ities for workforce training and maintaining a skil led workforce through wages. Over the years, signiticant di sparities in wage earnings have been observed not on ly in New Zealand but al so in other industrial iscd coun tries.
A careful analysis of the determinants of wage earn ings is necessary, as it could be linked to a series of factors. that. when identified, could lead to policy refonns that would benefit both the New Zealand economy and its residents.
This study, attempts to explore how wages vary across age, gender, region of residence and select industry groups in New Zealand over time. The aim is to draw insight not only on population outcomes but how di fferences in individual experi ences affect our understanding of wage earnings. It takes advantage of the Linked Employer-Employee Data (LEED). an integrated dataset of administrati ve data from the Inland Revenue PAYE and income tax systems and business data from Statistics New Zealand 's Business Frame (Graham 2003 ) , by applying general linear mixed effects models. A particular focus of this research is an understanding of how these models behave by examining population and individual outcomes usmg LEED. Consequentl y, this research adds to existing literature.
Methodology
A number of stud ies have attempted to examine the detenninants of disparities in wage earnings. Bowles. Gintis and Osborne (200 I) found that education , heredity. ability to adapt to a new economic conditi on, att itudes towards ri sk and other behavioural factors affect earnings. Calistri and Ga lbraith (200 I) in vesti gated the disparities in wage earnings rela ti ve to the concept of supply and demand in the labour market. Hyslop and Mare ( 1999) found that changes in household structure. attributes and emp loyment outcomes each contributed to the observed increase in household income dispari ti es. Papps (2004) evaluated the income gap between men and women. and assessed the factors associated with changes in income ineq uality between genders. O'Dea (2000) provides a good summary of studies that explain the di sparities in income di stribution in New Zea land. These studi es utilised the results of survey panel data like, the Household Labour Force Survey or the New Zealand Income Survey, or longitudinal datasets.
However. the appli cati on of random effects models has not been explored in New Zealand. Whil e cross-secti onal analysis would provide an idea of factors assoc iated with wage earnings at a point in time, it is useful to understand how vanat1ons in the popu lation and indi vidual experiences affect wages over time. Hyslop's ( 1999) work on LE ED, identified the need to understand income variations and its association with previous or earl ier wage eamings. This is quite intuiti ve as reforms in labour policies, changing imm igration flows. varying indi vidual preferences and behavioural factors expected in a dynamic and evolving labour market ideally should be considered in understanding earning inequality. While Hyslop (I 999) investigated the effect of age and gender on income, this paper explores the significance of place of residence and industry in explaining wage earning di sparities between I 999 and 2005. Migration may affect the regional supply and demand leading to wage disparities over time. Labour demand in certain industry sectors likewise may contri bute to the increasing wage disparities. This paper tries to evaluate whether deviations in individual experiences play a significant role in understanding wage differences. It should be noted. however, that while the LEE D base data does not provide a number of important soc io-dcmographic variables, such as ethnicity. that may be associated with wage earnings. A detai led description of the limitations of LEED is available in the LEED feasi bility report (2003 ) .
In this paper, factors associated with wage earnings at baseline and at the end of the study period were investigated. Particularly. the associated effect of age, gender. region of residence. and industry classification of an employer were explored. While this model provides the average wage profile at a point in time. an understanding of the magnitude and/or shift of the associated effect of these factors on wages is the main ~ focus.
The main motivation for considering linear mixed effects models is to understand the variab ility of wage earn ings in tcnns of tixed popu lation effects and as well as differences in individual experiences over time.
In general. a linear mixed effects model is any mode l which satisfies the following condition ( Vcrbckc and Molcnberghs 2000).
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where Y, is the n,-dimensional response vector for individual i, X, and Z, arc the (n, \ p) and (n, x q) dimen sional matrices of known covariates (variables that exp lain the response), p is a p-dimensional vector cnnta1111ng the fixed effects (popu lation-averJge regression cocfticients), b, is the q-dimcnsional vec tor containing the random or subject-specitic effects (individual employee regression coefticients) and c, is an n,-dimensional vector of residual components. The random effects. b,. anJ residual components c, arc assumed to be independent with distributions N(O.D) and (0. _ ,) respccti ely. Estimation was done usmg maximum and re ·tricted maximum likelihood.
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Data
The Linked Employer-Employee Data (LEED) is an integrated longitudinal dataset linking employer and employee series from Statistics New Zealand's Business Frame and the Employer Monthly Schedule payroll data from Inland Revenue. It consists of unit record data at the employer and employee level. A unique identifier between the two datasets makes the integration feasible. In thi s paper, indi vi dual level data was used covering every taxpayer that pays tax at source. Being effectively a census, the data can be used to produce information on special groups of interest (Graham, 2003) .
While the use of complete, rather than sample, data is feasible in LEED, the dataset used here is a random sample of 4035 people who received wages fro m April 1999 to July 2005. The study popu lation was limited to those people 15 years and over receiving wages and salaries. In LEED, gross earnings were based on income generated from accident compensation, benefit, pension, wages and salary, student allowance, paid parental leave and withholding payment.
In the absence of an indicator of temporary or part time employment. wage earnings were limi ted to those between 1500 and I 0000 NZD per month. Wage earnings below 1500 NZD per month were considered earnings from temporary or part time employment and those greater than I 0,000 NZ D per month were considered extreme cases. Earnings from self-employment, i.e., income from withho ldin g payment (WHP), were likewise excluded due to the li mited number of observations currently ava ilable in LEE D.
Initiall y. monthly employee profiles were followed from April 1999 to Jul y 2005. In the analysis, as wage earn ings were observed to be relatively stable between months, the average monthly earnings per quarter was used in the analysis instead. Quarters were defined within the calendar year to account for seasonal variations. lt should be noted that while unit record data was used in the analysis. strict adherence to privacy, security and confidentiality protocols. defined in the LEED feasibility report ( 2003 ). were followed.
As an indication of varying dispersion of wage earnings between and within employees over time, the employeespecific profiles of99 employees, randomly se lected from the 4035 sample, arc plotted in Figure I . Wage earn ings vlerc observed to be quite varied between individuals for the baseline year ( 1999). Generally, wages were relatively stable with some individuals observed to have significant peaks and troughs in their earnings over time. Data gaps in the protilc or dropouts were li kewise observed which may be attributed to people shifting from work to other 1ncome sources and back to wage earnings within the study period. •.. ,
The average and median monthly wage earnings per year are shown in Table I . We expected wage earnings to increase over time but wage earnings in the sample indicate a decreasing trend except for the increase in 2003 and 2004. The decreasing trend is not consistent with economy-wide data and may be due to a number of factors. One possi ble reason is the varied sample composition per period due to dropouts. Workers were observed to dropout, on average. around 4% per quarter. Maximum loss of information was observed at the end of the study period, with about 15% of the sample dropping out leading to an increase of about 17°~ in the variance. Assessing the average evolution of wage earnings by region and industry, may provi de additional input unto this trend. The average evolution of wage earnings by subgroups, describe how the profil e for a number of relevant subgroups evolves over time. The trend in average wage earnings by indust1y are shown in Figure 3 below. On average, wage earnings of workers in the Professional, Scientific and Technical Services (M) industry remain the highest across each year and indust1y groups followed by those in the Educati on and Training (P) and Manufacturing (C). Average wage earnings of workers from the Health Care and Social Ass istance (Q) and Arts and Recreation Services ( R) industry were shown to be relatively the same.
Over time. wages from Manufacturing (p-valuc=O.OOO I ), and Profess ional , Scientific and Technical Services (pvalue=0.0006) were signiticantly higher than Arts and recreation while wage earnings of workers from the retail trade industry were signiticantly lower (p-value = 0.03).
On the other hand, there was no evidence to suggest a signiticant difference in earnings between those in the Education (p-value = 0.54) and Health lndustry (p-value = 0.69) and those from the Arts and Recreation Services.
In LEED, age and gender are derived variables. Age is based on the date of birth in the IRD records while gender was either based on the sex-specific titles of each individua l or on the individuals' firs t name. Less than 4% of employees in the I RD records have mi ssing date of birth and were imputed in LEED. For gender, 98.5% of the records were derived from the title while 1.5% was derived from first name (Graham, 2003) . In this paper, the analysis was limited to wage earnings of people 15 years and over. As an explanatory variable, a ten-year age gro uping was used.
lt is feasible to use other variables in LEED and derive variables to improve our understanding on empl oyeremployee dynamics. However, certain socio-economic covariates, such as ethnicity, education, and hours of work, which were show n to be associated wi th wage earnings in sim il ar studies, are still unavailable. T~e feasibility of integrating this information on LEED IS culTently being reviewed. 
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Dropout
Within the study period, it is expected that some employees would dropout from the work pool or may shift towards other income sources, e.g. fro m wages and salaries to benefit, resulting in data gaps in the series. As previously pointed out, sampled workers were dropping, on average, around 4% per quarter. Evidently, the depletion of the study subj ects increases the variabi I ity and consequently reduces the precision of our estimates. Note that while the general linear mixed framework takes this into account, i.e., it is not necessary to have a balanced structure in linear mixed framework, sensitivity analysis and an assessment of the impact of mi ssing values in the analysis, may be explored in future research work. Complete case analysi s was employed in the analysis of endpoints.
Results
The aim of the study is to explore factors associated with wage earnings of working adults in New Zealand between 1999 and 2005. As wage earn ings depend on the changing supply and demand for certain skills and individual attributes and employment outcomes, interest is on both fixed population effects and individual experiences over time.
The associated effects of the selected socio-economic covariates on wage earnings were initially investigated at baseline and at the end of the study period. A comparative summary of the parameter estimates for both study periods is shown in Table 3 . At baseline, associated effect of gender (p-va lue = 0.000 I), age (p-value = 0.000 I), region (p-va lue = 0.0 I 04) and industry (p-va lue = 0.000 I) on wage earnings were found to be significant. Notably, the average wage earnings of male workers were signifi cantly higher than female workers, while controlling fo r age, region and industry. While wage earnings of workers in the Auckl and res idents earn ing more, at the end of the stud y period. Additionally, except for \VOrkcrs between 15 and 2.f years. wage earnings of workers between 25 to 3-f, 35 to .f.f and .f5 to 6.f were found to be significantly hi gher than those 65 years and O\'er.
The obsen ed di fTercnces in ,,·age esti mates at base! ine In thi s respect. we cons ider a random intercepts model. A random intercepts model ass umes that emp loyee-specific wage pro fiks arc linear and fixed \.\'ith respect to the selected co,·ari atcs and onl y random intercept or va ry ing employee-speci fi c baseline earnings explains the stochastic process. Furthenn ore, this model assumes constant variance over time as '"ell as eq ual pos itive co rrelation between two wage measurements for the same '' orkcr. This cm ariancc st ructure is referred in literature as compound symmetry. While we initially expected ''age earnings to '~")' o\·er time. \\·arranting a random slopes mode L this was not generally observed in the randomly selected \\'age pro files in our sample. Us ing the sa me mean structure as the cross-sectional regression models, the resultin g random intercepts model is sht)Wn in Table 4 . Noticeably, the high intraclass correlation implies that wage disparities between workers are large relative to disparities withi n ind ividuals.
T a ble 4: Result of general linear mixed analysis fo r fi xed and random effects of log wage earnings. Furthermore. the ,·ari ugram of a model accounting for age group, region, gender and industry is shown in Figure 4 . !\ ,·ariogram pl ot provides evidence of measurement error. seri al correlati on and individual effects. Evidence or seri al co rrelation suggest that part of a worker's wage profile is a response to time-varying stochasti c processes operating wi thin that worker which supports further, the use of a random effec ts model. •
...
• Notes. The vanogram for the hnear random-mtercepts model. cr:, t :. L,: represent the vanabll 1ty of the measurement error. the senal com:lation component and the random intercepts respectively.
As a proxy for experience, as one grows older. wage progressively increases. Between regions, wages of residents in the Auckland region earn more than those in the Well ington region. Conversely, wages of residents from other regions were significantly lower than those in Wellington. Between industries, except for wages of workers in the Retail Services industry, wages of those in the Manufacturing, Professional, Education and Health were signi fican tly higher than those in the Arts and Recreation industry. The resulting predicted and observed profiles for this model have shown that the empiri cal Bayes estimates for the random in tercepts clearly correct the population average profile toward the observed.
While this model seems to suggest gender differences in wage earnings while controlling for age, industry and region, other factors may be contributing to these differences. Previous work has suggested that educational level, ethnicity and other socio-economic covariates may help explain these differences. However, these socioeconomic variables are still not available in LEED. Therefore these results cannot address the question of gender wage disparities. The di stribution of the empirical Bayes estimates, further suggest the need to evaluate other variables that may be associated with wage earnings. The distribution suggests a bimodal di stribution whilst controll ing for the effect of gender. While procedures in analysing mixtures (i.e., heterogeneous populations) are well documented (Bohning 1999), this will not be included in this report.
Strengths and Limitations
The longitudinal analysis of the Linked EmployerEmployee Data has a number of advantages and disadvantages. Its mai n strength is in max imising the information that can be used in LEED. This may not previously have been feasib le, for instance. using the general linear framework, as data gaps usually result in loss of information and therefore loss of power for inferential work. Through longitudinal analysis. information for each individual in the population is maxi mi sed.
The appli cation of linear mixed effects models however was not straightforward. For instance, it may be feasible to run simultaneous regression models on eac h employee in our sample and use the estimated regression coefficients to assess how each employee experiences varies within the population. In literature, this is sometimes referred to as the two-stage approach. In linear mixed, we needed to understand the average profile of the population (i.e., fixed population effects or how the covariates relate with wage earnings on average) and whether individual stochastic processes (i.e., random effects or how individual records vary over time) may further explain changing wage earnings over time. The latter is rather more intuitive and more informative as we understand how individual experiences influences wage earnings. However, as was previously pointed out, the underlyi ng trend in the empirical Bayes estimates for
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The Linked Employer-Employee Data offers a wealth of data. Both cross-sectional and longitudinal analysis can be undertaken. Analysis of endpoints was undertaken initially to assess whether longitudinal analysis is warranted. This approach may be useful particularly in intervention anal ysis where you compare baseline results with ·after-intervention' outcomes to assess the effectiveness of such interventions. Note however, that this result in loss of information by disregarding records between these measures as previously pointed out.
As it stands, the selected model describes how age, regi on of residence, gender and industry relate with wage earnings over time. The results were quite interesting. However, this cannot be used as basis to support gender differences in wage earnings due to several key variabl es not been available in LEED. Intuitively, wages would be affected by the number of hours spent. particularly for temporary or part time work, for a particular job.
However. an indicator of part time or temporary employment or the number of hours spent for the wages recei ved is not available in LEED.
Adopting Ca li stri and Ga lbraith 's (200 I ) perspecti ve of wage disparities resulting from changing supply and demand , it wou ld be useful to determine the effect of upskilling through further education and type of occupation in the selected industries. This wou ld also help exp lain the observed \vage gap between regions and industry.
Future Research
While the results provide evidence of the suitability of undertaking longitudinal analysis in LEED, particularl y of random effect model s, there is a need to understand further the effect of missing va lues or dropouts in analysing longitudinal data. Shrinkage effect, 1.e., observed information shrunken to,,·ards the average prol~k. which results from an unbal anced data. should be evaluated.
In understanding wage di sparities over time. there is a need to further exploi t the feasibility of integrating other information sources that would provide information on educational attainment. occ upation, civil status and other soc io-economic covariates, number of hours worked, indicators of permanent or part time employment amo ng other variab les. that would further enhance models describing wage earning disparities over time. These variables would also be use ful in understanding other are3s such as income transitions. employment and labour dynamics. and other outcomes.
Note
The results presented in this paper are the work or the author. and does not necessarily rctlcct the views or Statistics New Zealand. Strict adherence -to pri vacy, security and confidentiality protocols were followed in undertaking this research. Only people authorised by the Statistics Act 1975 were allowed to see data about a particular person or firm . The data was used solely for statistical purposes and no individual information is provided back to the Inland Revenue Department for administrative or regulatory purposes. Any discussion of data limitation is in the context of using the Linked Employer-Employee Data for statistical purposes and is not related to the ability of the data to support IRD 's core operational requirements.
